While it has been clearly demonstrated that spontaneously breathing children of all ages with bronchospasm respond well to nebulized bronchodilators, only a small proportion of aerosolized drug reaches the lungs. [1] [2] [3] [4] [5] [6] [7] [8] [9] In addition, the combination of a small airway diameter, a rapid breathing pattern, and poor tolerance to the treatment has made delivery of nebulized medications to the airway of pediatric patients very challenging.
The face mask is one of the most frequently prescribed aerosol devices for the administration of bronchodilators to children, in a variety of clinical settings. Their advantage is the little to no cooperation required from the child. Nevertheless, the presence of a tight seal on the patient's face has been considered a critical element to improve aerosol delivery. Amirav et al have found that the absence of this seal between the mask and the patient's face results in a decrease in the amount of medication available for inhalation. 10 Children, especially those who are combative and crying, often resist or reject the presence of an aerosol mask on their faces; thus, the efficacy of aerosol therapy administered to agitated children may be negligible. 11 In order to avoid the poor tolerance children have to the tightly applied aerosol mask, clinicians often place the mask away from the child's face, a technique also known as "blow by." However, experimental data have revealed that the greater the distance between the aerosol mask and the patient's face, the lower the amount of inhaled drug mass. 2, 12 After conducting an evaluation of 3 different mask designs at 3 different distances from a mannequin face, we reported that mask design affected nebulized albuterol delivery and that inhaled drug mass was significantly reduced as the aerosol mask was moved away from the face. 12 We had also previously reported that nebulized albuterol delivery, measured as inhaled drug mass, was significantly reduced as the aerosol mask or T-piece 13 was moved away from the face 12 in a pediatric lung model of spontaneous breathing. An accompanying editorial titled "ByeBye, Blow-By" called for a recommendation to discourage clinicians from using the blow-by technique, based on available data. 14 To address some of the challenges encountered during the administration of nebulized medications to spontaneously breathing children, research has focused on several areas. These include the evaluation of newer interfaces and different types of aerosol systems, and the impact of administering the aerosol away from the child's face.
For example, evaluation in vitro of different aerosol masks has shown that mask design impacts the amount of nebulized medication delivered to the airway of pediatric patients. The fish mask in combination with the Pari LC Plus nebulizer has been associated with almost a 50 -65% higher inhaled drug mass, and the lowest eye and facial aerosol depositions, when compared to other combinations of masks and nebulizers. 15, 16 Nevertheless, the majority of the changes to pediatric aerosol masks have been made to those attached to spacers for delivery of medications through pressurized metered-dose inhalers, and the conventional pediatric aerosol masks used with jet nebulizers are typically a smaller version of the masks used with adults, with a considerably large volume of potential dead space and relatively large side holes.
In regards to evaluation in vitro of a T-piece as an alternative to the aerosol mask, even if used as blow-by, we found that at 1 and 2 cm away from a mannequin face the nebulized albuterol inhaled drug mass was substantially higher than that obtained with a conventional aerosol mask at 0, 1, and 2 cm away from the face. 13 These results point to the importance of the physical design of the aerosol device, as well as the importance of the type of nebulizer system, even when distance from the face is not considered as a variable.
SEE THE ORIGINAL STUDY ON PAGE 2004
In this issue of RESPIRATORY CARE, Mansour and Smaldone conducted an evaluation of blow-by in a pediatric model as potential therapy for uncooperative children. 17 Three commercially available nebulizer/compressor/face mask systems (Pari Sprint, Respironics Sidestream, and Salter 8900) were used to nebulize budesonide at 0, 2, and 4 cm from the face. Inhaled drug mass and the deposition on face, eyes, and mask were measured.
They found that at 0 cm the inhaled drug mass for the Pari system was 35% higher than the Salter, and 79% higher than the Respironics Sidestream. If we compare Pari's performance to the systems we have evaluated, the inhaled mass obtained with the Pari system was 60% and 30% higher than the Hudson nebulizer plus standard aerosol mask, and Hudson nebulizer plus fish mask, respec-tively. 12 These results support the fact that successful administration of a nebulized drug is a function of the nebulizer system as a whole, and not its separate components. An optimally designed mask and a high performance nebulizer system should result in a higher deposition of aerosol in the lower airways and better clinical outcomes.
When evaluated at 4 cm away from the mannequin face, the inhaled mass decreased more than 60% for both the Pari and the Salter, and almost 90% for the Respironics system. However, the inhaled mass percentages were even twice as high as the inhaled mass we obtained evaluating a conventional mask and a Hudson nebulizer, and only 20% lower than the fish mask plus Hudson system at only 2 cm distance from the face. 12 Based on these results we can see the importance of using a good performance system when a clinician selects blow-by as the best and only strategy to deliver the medication to the uncooperative child.
The time to complete the treatment was significantly longer with the Pari (7.7 min) versus the Salter (5.3 min) and the Respironics (4.0 min), as a function of a lower flow rate used to power the nebulizer. This factor is hard to ignore. Let's do the math. If an uncooperative child can only stand half of the time it takes to deliver the treatment with the most efficient system, it brings us back to square one, which is that we have delivered only half of the intended dose. And, of course, this is assuming the distance between the child's face and the mask did not vary substantially during the treatment.
I could not agree more with the authors when suggesting that the selection of a high performance nebulizer system may be useful for use in blow-by, since it may compensate for the effect of increasing distances from the face. I would argue that this nebulizer system should be the first option for spontaneously breathing children, regardless of how cooperative they appear to be. However, two issues need to be given special consideration. First, use of a high-performance system comes at a cost. Affordability of a generic versus a brand name medication is always an issue in clinical medicine. It is also a reality often experienced by respiratory departments that see evidence-based medicine practices as an expensive proposition. Clinicians often feel the frustration of not offering the best possible care when they know that a therapy or product with a higher tag price works better than the inexpensive day-today product used by their institution. Administrators should look at the results of this study as an opportunity to conduct a cost-effectiveness evaluation. Unless the use of these very efficient systems is supported by better clinical outcomes, the conclusions will have the inevitable limitations of a bench model. The second issue is how applicable these results are. When speaking of uncooperative children, one can only picture the child's face as a moving target. The therapist holding the mask will be the one chasing that target from what may appear as "miles away." The mannequin's face is not exactly the best example of an uncooperative child, but is a good option we researchers have to suggest changes in therapy. The 2 or 4 centimeters distance between the aerosol mask and the child's face becomes truly immeasurable and realistically much greater than those distances we all have referenced in previous studies in vitro.
Looking back at the editorial by Dr Rubin, "Bye-Bye, Blow By," 14 the results of the study by Mansour and Smaldone invite an editorial I could title like the song by Justin Bieber my daughter loves so much: "Never Say Never." However, this is my final thought: if you routinely use a very efficient nebulizer system for uncooperative children such as those presented in this study, please don't hesitate to use them. The only caveat: if you can afford coaching the child and can place the mask with a good and tight seal, don't you ever use blow-by.
